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SOLAR POND CONCEPTS: OLD AND NEW 
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Golden, Colorado 80401 
A D i v i s i o n  of Midwest Research I n s t i t u t e  

ABSTRACT 

D i f f e r e n t  t ypes  of s o l a r  pon.ds have been consid-  
e r e d  from t h e  e a r l y  1900s t o  t h e  p r e s e n t .  S a l t y  ponds 
u s e  s a l t  t o  c r e a t e  a  nonconvect ing pond. Shal low so- 
l a r  ponds were i n v e s t i g a t e d  by Shuman and H i l l s i e  i n  
1906 .and 1907 and a r e  c u r r e n t l y  be ing  s t u d i e d  by Law- 
r ence  Livermore L a b o r a t o r i e s .  Swedish i n v e s t i g a t o r s  
a r e  s t u d y i n g  a  combinat ion of s o l a r  c o l l e c t o r s  and wa- 
ter s t o r a g e  i n  a  pond-cover c o n f i g u r a t i o n .  I n  add i -  
t i o n ,  t h e r e  a r e  the rmoc l ines  c r e a t e d  i n  l a r g e  bod ies  
of wa te r ,  a s  i n  l a r g e  r e s e r v o i r s .  

T h i s  pape r  su rveys  t h e  v a r i o u s  t y p e s  of s o l a r  
ponds, c l a s s i f i e s  and models them, and then  t r i e s  t o  
combine t h e  b e s t  of t he  i d e a s  t o  s y n t h e s i z e  new con- 
c e p t s .  It p r e s e n t s  a  new s o l a r  pond concept  which 
combines t h e  good f e a t u r e s  of c o n v e c t i n g  and noncon- 
v e c t i n g  ( s a l t y )  ponds. 

KOST LOW TEMPERATURE s o l a r  t he rma l  sys t ems  have col-  
l e c t o r  and s t o r a g e  u n i t s  a s  s e p a r a t e  components. 
S t o r a g e  is u s u a l l y  s u f f i c i e n t  t o  l a s t  o n l y  a  few days.  
With s o l a r  ponds, it is d i f f i c u l t  t o  d i s t i n g u i s h  t h e  
c o l l e c t o r  u n i t  from t h e  s t o r a g e  u n i t :  t h e  same body 
of  w a t e r  s e r v e s  a s  s o l a r  c o l l e c t o r  and s t o r a g e  medium. 
T h i s  body of w a t e r  is u s u a l l y  l a r g e  enough t o  p rov ide  
long-term s t o r a g e  spanning seasons .  I 

S o l a r  pond concep t s  m y  be c l a s s i f i e d  i n  two c a t - .  
e g o r i e s :  ( a )  t h o s e  t h a t  reduce h e a t  l o s s  by p reven t -  
i n g  c o n v e c t i o n  w i t h i n  t h e  w a t e r  s t o r a g e  medium, and 
(b) t h o s e  t h a t  reduce h e a t  l o s s  by c o v e r i n g  t h e  pond 's  
s u r f a c e .  Combinations a r e  of c o u r s e  p o s s i b l e ,  bu t  one 
method is u s u a l l y  t h e  pr imary d e t e r m i n a n t  of t h e  pond ; 
des ign .  

I f  one o b j e c t i v e  of t h e  s o l a r  pond is  t o  c a p t u r e  
and s t o r e  s o l a r  thermal  energy,  a  second o b j e c t i v e  is  
t o  do s o  cheaply .  T h i s  means u s i n g  e a r t h  a s  both t h e  
suppor t  s t r u c t u r e  f o r  t h e  body of  w a t e r  and a s  a t  
l e a s t  p a r t  of t h e  i n s u l a t i o n .  A l a r g e  enough body of 
wa te r  embedded i n  t h e  e a r t h  and made u s a b l e  f o r  t he r -  , 

ma1 s t o r a g e  i n v o l v e s  low c o s t  f o r  both suppor t  s t r u c -  
t u r e s  and i n s u l a t i o n .  It can p rov ide  s u f f i c i e n t  s t o r -  
age  t o  even ou t  s h o r t - t e r n  t e n p e r a t u r e  and i n s o l a t i o n  
f l u c t u a t i o n s  and t o  f u r n i s h  h e a t  o u t p u t  l ong  a f t e r  
h e a t  c o l l e c t i o n  has  taken p lace .  

TYPES OF SOLAR PONDS 

NONCONVECTING POh'DS - Most s t u d i e d  of t h e  s o l a r  
ponds i s  t h e  nonconvect ing,  s a l t y  pond (I*-10).  I n  
i t s  s i m p l e s t  form the  s a l t y  pond is  merely  a  pond wi th  
s a l t  d i s s o l v e d  i n  i t .  S a l t s  most commonly used a r e  
NaCl and NgC12, a l though  t h e r e  a r e  numerous o t h e r  pos- 
s i b i l i t i e s .  

S o l a r  r a d i a t i o n  e n t e r s  t h e  pond, and whatever i s  

*Numhers i n  pa ren theses  d e s i g n a t e  r e f e r e n c e s  a t  end of 
paper.  

no t  abso rbed  1" t h e  " a t k r  on t h e  way down is absorbed  
on  t h e  d a r k  bottom (vh ich  may be  a n  a r t i f i c i a l l y  

. b l ackened  l i n e r ) .  A s  a  r e s u l t  of  t h i s  h e a t  c o l l e c t i o n  

. a t  t he  bottom, t h e  deepe r  w a t e r s  become warm. 
Highe r  c o n c e n t r a t i o n s  of s a l t  a r e  e s t a b l i s h e d  i n  

t h e  lower  pond r e g i o n s  than  i n  t h e  upper  r e g i o n s ,  s o  
t h e  warmer, deep w a t e r s  c o n t a i n  a  h i g h e r  d e n s i t y  of  
d i s s o l v e d  s a l t  t han  t h e  c o l d e r  w a t e r s  n e a r  t h e  su r -  
f a c e .  T h i s  is t h e  o p p o s i t e  of t h e  s i t u a t i o n  v i t h o u t  
s a l t .  P u r e  wa te r ,  when warmed, becomes l e s s  dense .  
I f  t h e r e  were  no s a l t  i n  t h e  pond t h e r e  would be con- 
t i n u o u s  convec t ion  of the  warmed w a t e r  from t h e  bottom 
of  t h e  pond t o  t h e  c o o l e r  l a y e r s  n e a r  t h e  top.  How- 
e v e r ,  t h e  i n c r e a s e d  d e n s i t y  c r e a t e d  by t h e  s a l t  over-  

.comes t h e  dec reased  d e n s i t y  of  pu re  w a t e r  w i t h  i n -  
c r e a s i n g  t empera tu re ,  and t h u s  v e r t i c a l  c o n v e c t i o n  

. i s  p reven ted .  Heat t r a n s f e r  t o  t h e  s u r f a c e  of t h e  
pond o c c u r s  p r i m a r i l y  by conduc t ion ,  which is  s low 
enough t o  enab le  t h e  lower r e g i o n s  of , t h e  pond t o  
m a i n t a i n  a high t e m p e r a t u r e  (10OeC has  been measured 
i n  a c t u a l  ponds).  

I n  p r a c t i c e  t h e  s a l t y  pond h a s  t h r e e  l a y e r s .  I n  
' t h e  top  l a y e r  v e r t i c a l  c o n v e c t i o n  t a k e s  p l a c e  due t o  
t h e  e f f e c t s  of wind and e v a p o r a t i o n .  T h i s  l a y e r  
s e r v e s  no u s e f u l  purpose  and i s  k e p t  a s  t h i n  a s  prac- 
t i c a l l y  p o s s i b l e .  The n e x t  l a y e r ,  which may be ap- 
p rox ima te ly  1-n t h i c k ,  c o n t a i n s  an  i n c r e a s i n g  concen- 
t r a t i o n  of s a l t  w i t h  i n c r e a s i n g  dep th  and i s  noncon- 
v e c t i n g .  The bottom l a y e r  i s  a  c o n v e c t i n g  l a y e r  which 

; p r o v i d e s  most of t h e  the rma l  s t o r a g e  and f a c i l i t a t e s  . - 
h e a t  e x t r a c t i o n .  

I V a r i a n t s  on t h e  s i m p l e s t  s a l t y  pond d e s i g n  have 
:been proposed t o  a i d  i n  c o n t r o l l i n g  t h e  boundar i e s  of  
; t h e s e  l a y e r s .  The so -ca l l ed  "membrane pond" ( 4 )  con- 
: t a i n s  a  h o r i z o n t a l  p a r t i t i o n  t o  s e p a r a t e  t h e  lower  
; c o n v e c t i n g  zone from t h e  middle  nonconvec t ing  zone 
:and, p o s s i b l y ,  a  second p a r t i t i o n  s l i g h t l y  below t h e  
: s u r f a c e  of t h e  pond t o  minimize t h e  s u r f a c e  c o n v e c t i n g  
: l a y e r .  
: S a l t y  ponds have been b u i l t  and o p e r a t e d  i n  such 
' d i v e r s e  l o c a t i o n s  a s  I s r a e l  and Canada and i n  Ohio and 
:New Mexico i n  t h e  Uni ted  S t a t e s .  

Proposed a l t e r n a t i v e s  t o  t h e  s a l t y  pond i n  t h e  
. nonconvec t ing  pond c a t e g o r y  a r e  t h e  . r i s c o s i t y - s t a b i -  
. l i z e d  pond and t h e  g e l l e d  pond. Both of  them r e t a r d  
, i n t e r n a l  c o n v e c t i o n  by dec reased  f l u i d i t y  of t h e  w a t e r  
: i n  t h e  pond and have not  y e t  advanced s i g n i f i c a n t l y  
beyond t h e  c o n c e p t u a l  s t a g e .  

CONVECTING PONDS - The s i n g l e  we l l - r e sea rched  ex- 
ample of t h e  convec t ing  pond is t h e  s h a l l o w  s o l a r  pond 

.proposed and des igned  by Lawrence Livermore  Laborato-  
, r i e s  (11,12) .  The s h a l l o w  s o l a r  pond is  about  a  10-cm 
dep th  of pu re  w a t e r  e n c l o s e d  i n  a  l a r g e  wa te r  bag ' 

( t y p i c a l l y  5 m by 60 m) wi th  a  b lackened bottom, in-  
s u l a t e d  below w i t h  foam i n s u l a t i o n  and on t o p  w i t h  
g l a z i n g s .  The w a t e r  from many such  ponds is  pumped 
i n t o  a  l a r g e  s t o r a g e  tank f o r  n i g h t  s t o r a g e  and back 
i n t o  t h e  wa te r  bags  each morning, i n  an  o p e r a t i n g  

.method c a l l e d  t h e  "batch"  mode. The sha l low s o l a r  
ipond may a l s o  be o p e r a t e d  i n  t h e  "f low through" mode, 
i n  which t h e  wa te r  flows c o n t i n u o u s l y  through t h e  wa- 

; t e r  bags i n  such a  way a s  t o  m a i n t a i n  c o n t r o l  o v e r  t h e  
/ o u t l e t  t empera tu re .  

E s p e c i a l l y  when o p e r a t e d  i n  t h e  flow-through mode, 
t h e  sha l low s o l a r  pond is a lmos t  t h e  same a s  a  f l a t -  
p l a t e  c o l l e c t o r  w i t h  wa te r  s t o r a g e ,  t h e  main d i f f e r -  
ence  be ing  t h a t  t h e  s o l a r  pond c o l l e c t o r  is f i x e d  i n  a  
h o r i z o n t a l  p o s i t i o n  and is l e s s  c o s t l y  than  t h e  u s u a l  
f l a t - p l a t e  c o l l e c t o r .  For t h i s  r eason  t h e  s h a l l o w  
s o l a r  pond i s  c l a s s i f i e d  i n  t h e  col lec t .or-pond s t o r a g e  
c a t e g o r y  d e s c r i b e d  below. 

A second type  of c o n v e c t i n g  pond w i l l  be i n t r o -  
duced i n  more d e t a i l  i n  l a t e r  s e c t i o n s  of  t h i s  pape r .  
T h i s  type of  pond is a o r e  s i m i l a r  t o  t h e  s a l t y  pond 
than  t o  t h e  sha l low s o l a r  pond i n  t h a t  i t  w i l l  be em- 
bedded i n  t h e  ground and w i l l  have a  s i m i l a r  d e p t h . n  ,. 



To compensate f o r  t h e  l o s s e s  p reven ted  by t h e  noncon- 
, v e c t i n g  l a y e r  i n  t h e  s a l t y  pond, t h e  convec t ing  pond 

w i l l  have g l a z i n g s  and s p e c i a l  n i g h t  i n s u l a t i o n .  
COLLECTOR-POND STORAGE COEIBINBTIONS - S e v e r a l  

c o l l e c t o r - s t o r a g e  combinat ions  have been sugges ted  i n  
which t h e  thermal  s t o r a g e  is  provided by a  l a r g e  pond 
embedded i n  t h e  ground. 

I n  a  Swedish des ign  (131,  a  bank of t i l t e d  col -  
l e c t o r s  is f l o a t e d  on a  r a f t  of i n s u l a t i o n  on t o p  of a  
l a r g e  pond. The hea ted  wa te r  is d r a i n e d  i n t o  t h e  pond 
and t h e  c o l l e c t o r s  a r e  f e d  w i t h  c o o l e r  wa te r  pumped 
back up from the  pond. 

A pond t e s t e d  a t  t he  U n i v e r s i t y  of  V i r g i n i a  (14) 
had a  t r i c k l e  c o l l e c t o r  mounted j u s t  above t h e  s u r f a c e  
o f  a  s q u a r e  pond. Between t h e  pond s u r f a c e  and t h e  
c o l l e c t o r  was a l a y e r  of foam i n s u l a t i o n  "beads" 
th rough  which t h e  hea ted  wa te r  t r i c k l e d  i n t o  t h e  pond.. 

An I t a l i a n  p roposa l  (15) c a l l s  f o r  f o c u s i n g  c o l -  
l e c t o r s  t o  h e a t  wa te r  t o  a  h igh  t e m p e r a t u r e  and depos- 
i t  it i n  a  pond of s e v e r a l  s q u a r e  k i l o m e t e r s  s u r f a c e  
a r e a .  According t o  t h e  p roposa l ,  t h i s  wa te r  can then  
be t r a n s p o r t e d  l o n g  d i s t a n c e s  i n  underground p i p e s  t o  
h e a t  a  c i t y .  

When t h e  s h a l l o w  s o l a r  pond concep t  is compared 
v i t h  t h e  co l l ec to r -pond  s t o r a g e  d e s i g n s ,  it is a p p a r  

.. .. 
Thus. let  

r a ( t )  - Ta + Fa s i n  27(t-+=) 

- - 
I(t) = I + I s i n  2n( t -$)  

r ( r )  = Z + C s i n  2 ~ ( t - + ~ )  

' The t ime t and t h e  phase a n g l e s  %, @'=, a r e  
measured i n  yea r s .  I f  i n s o l a t i o n  peaks  i n  June ,  t hen  *+ is approx ima te ly  0.22; i f  ambient  t e m p e r a t u r e  peaks  
abou t  a  month a f t e r w a r d ,  t h e n  @'T is  approx ima te ly  
0.30. 

L e t  A s i g n i f y  t h e  s o l a r  c o l l e c t i o n  a r e a ,  To t h e  
f r a c t i o n  o f  i n s o l a t i o n  t r a n s m i t t e d  t o  t h e  s t o r a g e  a r e a  
o f  t h e  pond, and dVc t h e  t o t a l  h e a t  c a p a c i t y  of s t o r -  

P  
age  (where d  is t h e  w a t e r  d e n s i t y ,  V is t h e  volume o f  
s t o r a g e ,  and c p  is its h e a t  c a p a c i t y  p e r  u n i t  mass). 

hi ene rgy  ba lance  y i e l d s  

e n t  t h a t  t h e  sha l low pond is  analogous  t o  t h e  c o l l e c -  o r  
t o r ,  and the  n i g h t  s t o r a g e  t ank  is  analogous  t o  t h e  
the rma l  s t o r a g e .  . , U +U - 

F i g .  1 shows t h e  c l a s s i f i c a t i o n  of t h e  d i f f e r e n t  . , t ( t )  + ~ ( t )  = [ T W ~ +  ( U p  ) Ta - L 
s o l a r  pond concep t s .  P P  g  

floating on [*I\ ! 

Fig .  1. - S o l a r  pond taxonomy 

+ TOG s i n  ~ n ( t - + ~ )  

- 
+ UaTa s i n  2 t ( t -+T)  

- L" s i n  2n(t-4L) ] 

The s o l u t i o n  t o  t h i s  d i f f e r e n t i a l  e q u a t i o n  is  

T ( t )  = + + ( t )  - C( to )  e  
-'Jt 

(1 

where 

A GENERIC MODEL 

Whatever t h e i r  d i f f e r e n c e s ,  t h e  v a r i o u s  s o l a r  pond 
d e s i g n s  have i n  common a  ve ry  l a r g e  body of  the rma l  
s t o r a g e .  It  may be assumed t h a t  t h i s  s t o r a g e  is  s o  
l a r g e  t h a t  d a i l y  f l u c t u a t i n n s  i n  ambient t empera tu re  
and i n s o l a t i o n  have a  n e g l i g i b l e  e f f e c t  on t h e  temper- 
a t u r e  of  s t o r a g e ,  and t h a t  on ly  s e a s o n a l  v a r i a t i o n s  i n  
the environment need he cons ide red .  

It is  assumed a l s o  t h a t  t h e  h e a t  l o s s  from s t o r -  
age  is r e l a t e d  l i n e a r l y  t o  t h e  d i f f e r e n c e  between t h e  
t empera tu re  of srulage and thc temperat r t rp  of f h e  am- 
b i e n t  a i r  and t o  t h e  d i f f e r e n c e  between t h e  tempera- 
t u r e  of s t o r a g e  and t h e  t empera tu re  of t he  ground. 
T h i s  means t h e r e  must be e f f e c t i v e  h e a t  l o s s  c o e f f i -  
c i e n t s  Ua and U such t h a t  t he  r a t e  of  h e a t  l o s s  is  
( T - T )  + ( T - )  where Ta is  ambient tempeyature .  
T is ground t empera tu re  (prestimably e q u a l  t o  Ta, t h e  

g  ave rage  annua l  ambient t e m p e r a t u r e ) ,  and T is  the  ten- 
p e r a t u r e  o t  t he  lowel convec t ing  l a y e r .  I n  the  con- 
v e c t i n g  pond, T i s  assumed t o  be t h e  t empera tu re  a t  
any p o i n t .  

I t  is reasonab le  t o  model t h e  i n s o l a t i o n  and the  
ambient t empera tu re  a s  s i n e  vaves ,  and f o r  s i m p l i c i t y  
i t  can a l s o  be assumed t h a t  t h e  load  can be r e p r e s e n t -  
ed a s  a  s i n e  wave. 

'Jt 
C( to )  = -i: - Fa + $( to )  e  o  

and to is t h e  s t a r t u p  d a t e  f o r  t h e  pond ( i n  y e a r s  from 
January 1). a t  which t ime i t  i s  assumed T = T . S i s  
t h e  number of seconds  i n  a  y e a r ,  i f  I and  a are ex- 
p res sed  i n  w a t t s .  

Note t h a t  Eq. 1 e x p r e s s e s  tilt: pond o t o r a g e  tem- 
p e r a t u r e  a s  the  sum of t h e  long term ave rage  tempera- 
t u r e  T ,  a  p e r i o d i c  t empera tu re  d e v i a t i o n  $ ( t ) ,  and a  
t r a n s i e n t  term ~ ( t ~ ) e - ' ~ .  

S e t t i n 8  the  d e r i v a t i v e  of Eq. 1 e q u a l  t o  z e r o ,  
one f i n d s  t h a t  i n  t h e  s t e a d y  s t a t e ,  ext reme tempera- 



t u r e s  o c c u r  a t  t imes  (1/2n)  tan" [$(0 .25) /$(0)] ;  by 
p lugg ing  t h e s e  t imes  i n t o  Eq. 1 one c a n ' f i n d  t h e  maxi- 
mum and dn imum tempera tu res .  

For  a  c i r c u l a r  s a l t y  pond s i m u l a t e d  by N i e l s e n  
( 5 ) ,  of 12-m r a d i u s  and 2-m d e p t h ,  w a l l  Losses were 
3573 W and f l o o r  l o s s e s  were 2920 W when t h e  pond tem- 
p e r a t u r e  was 50°C and ambient t empera tu re  was 10°C. 
(Note t h a t  on ly  e a r t h  i n s u l a t i o n  was used i n  t h i s  s i m -  
u l a t i o n ) .  Assuming t h a t  t h e  c o e f f i c i e n t  of h e a t  l o s s  
t o  ambient  is  Ua = 3573/(50e-10') o r  Ua = 89.3 W/"C, 
and t h e  c o e f f i c i e n t  of h e a t  l o s s  t o  ground i s  U a 

2920/(50°- lo0)  = 73 Ul°C, t h e  p r o j e c t e d  pond tempe?a- 
t u r e s  shown i n  Tab le  1 a r e  o b t a i n e d  wi th  t h e  fo rmulas  
j u s t  developed.  (The pond is assumed t o  have been 
s t a r t e d  on A p r i l  1. Transmiss ion  through t h e  noncon- 
v e c t i v e  l a y e r  is assumed t o  be .25%, ambient t mpera- 3 t u r e s  are 10+_15"C, and i n s o l a t i o n  is 200250 W/m .) 

A DEEP CONVECTING POND CONCEPT 

. Although t h e  s h a l l o w  c o n v e c t i n g  pond deve lops  h i g h  
t e m p e r a t u r e  w a t e r  i n  a  f a i r l y  s h o r t  t ime,  it r e q u i r e s  
p i p e s  and plumbing t o  s h u t t l e  w a t e r  o u t  of t h e  "ponds" 
each  even ing  and s t o r a g e  t anks  t o  hold  t h e  w a t e r  a t  
n i g h t .  It a l s o  r e q u i r e s  i n s u l a t i o n  under  t h e  w a t e r  
bags  because  t h e  ground is  a l lowed t o  c o o l  o f f  each 
n i g h t  a f t e r  t h e  wa te r  is removed from t h e .  bags .  

A more economical  approach is t o  l e a v e  the  w a t e r  
i n  t h e  pond a t  n i g h t  and t o  p r o v i d e  a s  much e x t r a  in -  
s u l a t i o n  a s  p o s s i b l e  on t o p  of t h e  pond. During t h e  
dayt ime,  when i n s o l a t i o n  must he r e c e i v e d  through the 
t o p  of  t h e  pond, t h e r e  is a  l i m i t  a s  t o  how much top  
i n s u l a t i o n  can be used,  and doub le  g l a z i n g  s i m i l a r  t o  
t h a t  used i n  t h e  sha l low s o l a r  pond would be employed. 
But a t  n i g h t  o r  d u r i n g  p e r i o d s  o f  low i n s o l a t i o n  add i -  
t i o n a l  i n s u l a t i o n  could  be provided.  An obvious  and 
s imple  method would be t o  l a y  e x t r a  i n s u l a t i o n  o v e r  
t h e  t o p  of t h e  pond, e i t h e r  a u t o m a t i c a l l y  o r  manual ly ,  
whenever i n s o l a t i o n  f a l l s  below a  p r e s c r i b e d  l e v e l .  

A more i n t e r e s t i n g  and economical  t echn ique  is t o  
s p r a y  foam i n s u l a t i o n  between t h e  g l a z i n g s  and between 
g l a z i n g  and pond when i n s o l a t i o n  d rops  below t h e  pre- 
scribed l e v e l  (Fig .  2 ) .  A s p r a y  foam h a s  been used  
s u c c e s s f u l l y  t o  p rov ide  n i g h t  i n s u l a t i o n  f o r  green-  
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Fig. 2. - Example of deep s a l t l e s s  pond d e s i g n  

houses  (16).  It h a s  been found i n  p r a c t i c e  t o  r e d u c e  
t h e  h e a t  l o s s  by a t  l e a s t  50X, a l t h o u g h  i n  t h e o r y  a n  
85% r e d u c t i o n  shou ld  be a t t a i n a b l e .  It shou ld  be not-  
e d  t h a t  t h e  s p r a y  foam used i n  g reenhouse  expe r imen t s  
is  a m a t e r i a l  normal ly  used f o r  E i r e F i g h t i n g .  I t  
seems l i k e l y  t h a t  improvements cou ld  be made i n  t h e  
m a t e r i a l  f o r  pu rposes  of pond i n s u l a t i o n .  

I n  t h e  morning, t h e  s p r a y  foam i n s u l a t i o n  would 
be a l lowed t o  s e t t l e  and run  o f f ,  l e a v i n g  a  n e g l i g i b l e  
r e s i d u e .  The c a p i t a l  c o s t  of u s i n g  s p r a y  foam t o  pro- 
v i d e  s u p  l e m e n t a l  n i g h t  i n s u l a t i o n  amouncs t o  l e s s  er t h a n  $l/m of pond. 

B e s i d e s  e l i m i n a t i n g  t h e  need f o r  p i p e s ,  pumps, 
and plumbing t o  t r a n s p o r t  t h e  w a t e r  t o  n i g h t t i m e  s t o r -  
age ,  t h i s  " s t a t i o n a r y "  pond would n o t  r e q u i r e  bot tom 
i n s u l a t i o n .  A f t e r  a  warmup p e r i o d  t h e  t e m p e r a t u r e  o f  
t h e  ground would approach t h a t  of t h e  pond w a t e r ,  pro- 
v i d i n g  good i n s u l a t i o n .  The o n l y  a d d i t i o n a l  i n s u l a -  
t i o n  t h a t  might be d e s i r e d  would be a l o n g  t h e  s i d e s  o f  
t h e  pond t o  p reven t  edge l o s s e s .  

To p rov ide  s u f f i c i e n t  s t o r a g e  t o  even o u t  d a i l y  
and s e a s o n a l  t empera tu re  f l u c t u a t i o n s ,  t h e  s t a t i o n a r y  
c o n v e c t i n g  pond would be a deep pond, n o t  a  s h a l l o w  
one. 

SUMMARY AND CONCLUSIONS 

The s a l t y  nonconvect ing pond is  a v i a b l e  and eco- 
nomical  way of  c o l l e c t i n g  and s t o r i n g  l a r g e  q u a n t i t i e s  

T a b l e  1 - P r o j e c t e d  Pond Temperatures  Obtained Using Developed Formulas 

P r o j e c t e d  Temperature  (OC) 

5  kW 523 kW 523 kW 
Cons tan t  Summer Win te r  

Year - Month No Load Load Peak ing  Peak ing  - 
J u l y  1 51 - 0  44.1 40.8 47.4 
Oct. 1 66.3 56 7 53.7 59.7 

Year 1 
J a n .  1 
Apr. 1 
J u l y  1 
Oct. 1 

Year 2  
J a n .  1 
Apr. 1 
J u l y  1 
Oct.  1 

Year 3  
Jan .  1 
Apr. 1 

- 
Steady  Minimum 49.6 
S t a t e  Maximum 74.4 



o f  s o l a r  ene rgy ,  e s p e c i a l l y  where s a l t  is f r e e  o r  in- 
, expens ive .  O the r  t echn iques  may be more d e s i r a b l e  

v h e r e  s a l t  is not  s o  r e a d i l y  a v a i l a b l e .  The membrane 
pond may e l i m i n a t e  t h e  need f o r  h igh  s a l t  concen t ra -  
t i o n  i n  t h e  convec t ing  l a y e r .  The s h a l l o w  s o l a r  pond 
u s e s  no s a l t  but  r e q u i r e s  c o n s i d e r a b l e  expense  f o r  
plumbing and n i g h t  s t o r a g e .  Combinat ions  of c o l l e c -  
t o r s  w i t h  pond s t o r a g e  a r e  a p p r o p r i a t e  f o r  some a p p l i -  
c a t i o n s  and can p rov ide  w a t e r  of h i g h e r  t empera tu re ,  
but  t hey  e n t e r  t he  realm of h i g h e r  and more expens ive  
technology.  Where s a l t  is  not  f r e e  o r  i nexpens ive  t h e  
deep c o n v e c t i n g  pond may be an  economica l ly  v i a b l e  and 
e n v i r o n m e n t a l l y  a c c e p t a b l e  a l t e r n a t i v e  and d e s e r v e s  
f u r t h e r  i n v e s t i g a t i o n .  
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